
4. Net sampling:  Krill and zooplankton; submitted by Valerie Loeb (Legs I & II), Jenna Borberg (Leg 
I), Kit Clark (Legs I & II), Michael Force (Legs I & II), Nancy Gong (Leg II), Kate Harps (Leg II), 
Adam Jenkins (Legs I & II), Jessica D. Lipsky (Legs I & II) and Rob Rowley (Legs I & II). 
 
4.1 Objectives:  Objectives were to provide information on the demographic structure of Antarctic krill 
(Euphausia superba) and abundance and distribution of salps and other zooplankton taxa in the vicinity of 
Elephant, King George and Livingston Islands.  Essential krill demographic information includes length, sex 
ratio, maturity stage composition and reproductive condition.  Information useful for determining the 
relationships between krill and zooplankton distribution patterns and ambient environmental conditions was 
derived from net samples taken at established CTD/phytoplankton stations.  The salp Salpa thompsoni and 
copepod species receive special attention because their interannual abundance variations may reveal 
underlying hydrographic processes influencing the Antarctic Peninsula ecosystem.  Results are compared to 
those from previous AMLR surveys to assess between-year differences in krill demography and zooplankton 
composition and abundance over the 1992-2001 period.  Additional historical data from the Elephant Island 
area are used to examine copepod species abundance and abundance relations between 1981 and present. 
 
4.2 Methods and Accomplishments:   
 
4.2.1 Large-Area Survey Samples 
 
Krill and zooplankton were obtained from a 6' Isaacs-Kidd Midwater Trawl (IKMT) fitted with a 505µm 
mesh plankton net.  Flow volumes were measured using a calibrated General Oceanics flow meter mounted 
on the frame in front of the net.  All tows were fished obliquely from a depth of 170m or ca. 10m above 
bottom in shallower waters.  Tow depths were telemetered from a depth recorder mounted on the trawl 
bridle.  Tow speeds were ca. 2kts.  Samples were collected at Large-Area survey stations during both cruise 
legs (See Figure 2 in Introduction).  Three regionally distinct groups of stations are considered here (Figs. 
4.1A & B).  Elephant Island Area stations represent the historically sampled area used for long-term analyses 
of the Antarctic Peninsula marine ecosystem.  West Area stations, north of King George and Livingston 
Islands, form a database with which to examine the abundance and length composition of krill stocks to 
predator populations at Cape Shirreff and to the krill fishery that operates in this area during austral summer 
months.  South Area stations, located in Bransfield Strait, are used to monitor krill supplies available to 
predator populations in Admiralty Bay, King George Island. 
 
4.2.2 Shipboard Analyses 
 
All samples were processed on board.  Krill demographic analyses were made using fresh or freshly frozen 
specimens.  Other zooplankton analyses were made using fresh material within 2 hours of sample collection.  
Abundance estimates of krill, salps, and other taxa are expressed as numbers 1,000m-3 water filtered.  
Abundance information is presented for the Elephant Island, West and South Areas, and for the total survey 
area.   
 
(A) Krill.  Krill were removed and counted prior to processing other samples.  All krill from samples 
containing <150 individuals were analyzed.  For larger samples, 100-200 individuals were measured, sexed, 
and staged.  Measurements were made of total length (mm); stages were based on the classification scheme 
of Makarov and Denys (1981).   
 
(B) Salps.  All salps were removed from samples of 2 liters or less and enumerated.  For larger catches the 
numbers of salps in 1- to 2-liter subsamples were used to estimate abundance.  For samples with <100 
individuals, the two life stages (aggregate/sexual and solitary/asexual) were enumerated and internal body 



length (Foxton, 1966) was measured to the nearest mm.  Representative subsamples of >100 individuals 
were analyzed in the same manner for larger catches.   
 
(C) Fish.  All adult myctophids were removed, identified, measured to the nearest millimeter, standard 
length, and frozen.   
 
(D) Zooplankton.  After krill, salps, and adult fish were removed the remaining zooplankton fraction was 
analyzed.  All of the larger organisms (e.g., other postlarval euphausiids, amphipods, pteropods, polychaetes) 
were sorted, identified to species if possible, and enumerated.  Following this the samples were aliquoted and 
smaller zooplankton (e.g., copepods, chaetognaths, euphausiid larvae) in three or four subsamples were 
enumerated and identified to species if possible using dissecting microscopes.  After analysis the 
zooplankton samples (without salps and adult fish) were preserved in 10% buffered formalin for long-term 
storage. 
 
4.2.3 Statistical Analyses 
 
Data from the total survey area and three subareas were analyzed for between-cruise and between-year 
comparisons.  Analyses included a variety of parametric and nonparametric techniques.  Among these were 
Analysis of Variance (ANOVA), Cluster Analysis, Percent Similarity Indices (PSIs) and Kolmogorov-
Smirnov cumulative percent curve comparisons (Dmax).  Cluster analyses uses were Euclidean distance and 
Ward's linkage methods; clusters were distinguished by a distance of 0.40 to 0.60.  Clusters based on size 
characteristics utilized proportional length-frequency distributions in each sample with at least 17 krill or 80 
salps.  Zooplankton clusters were based on log transformed sample abundance data for the most frequently 
occurring taxa; because of their uniformly high abundance across the survey area salps were omitted from 
the initial analysis, but were included in cluster comparisons. 
 
4.3 Results and Preliminary Conclusions: 
 
4.3.1 Survey A, 18-30 January 2001 
 
4.3.1.1 Krill: 
 
Krill Abundance (Table 4.1A, Figure 4.1A) 
 
Postlarval krill were present at 90 of the 101 survey stations (89%).  They were most frequent and abundant 
in the South Area where they occurred in all 11 samples and had 116 1,000m-3 (+/- 331) mean and 22.5 
1,000m-3 median abundance values.  Significantly lower concentrations (ANOVA, P<0.01) were represented 
in samples from the Elephant Island and West Areas, which had respective mean values of 20.7 and 12.8 
1,000m-3 and medians of 6.0 and 2.3 1,000m-3.   
 
Length Composition (Figures 4.2A-D)  
  
Krill lengths ranged from 18-61mm; the overall size-frequency distribution was bimodal with peaks around 
28-30mm and 50-52mm.  Approximately 30% of total krill were <35mm (1+ age class), 10% were 35-42mm 
(2+) and 60% were >42mm (3+).  Length-frequency distributions in the three subareas differed greatly.  The 
large South Area catches were comprised of individuals primarily <35mm (65%) and secondarily >45mm 
(25%).  In contrast, 92% of krill collected in the West Area were >45mm in length.  Although clearly 
dominated by krill >45mm long (70%) the Elephant Island samples also contained modest proportions of 35-
45mm (20%) and <35mm (10%) length categories. 



 
Maturity Stage Composition (Table 4.2; Figures 4.3A-D)   
 
Overall and subarea maturity stage composition was in accord with length-frequency distribution.  The 
overall composition was represented primarily by mature (64%) and juvenile (26%) stages.  Juveniles (63%) 
plus immature stages (20%) dominated the South; here small immature stage 2a males made up 14% of the 
total catch.  These individuals represent the 1999/00 year class.  Virtually all of the West Area krill were 
mature.  Mature forms dominated the Elephant Island Area (84%) with small contributions by juveniles 
(10%) and immature (6%) stages.  Males outnumbered females by 80% in the South, 60% in the West and 
40% in the Elephant Island Areas.  Over 91% of mature females in the West area were in advanced maturity 
stages (i.e., with developing ovaries [3c], gravid [3d] or spent [3e]) compared to 50% in the South and 59% 
in the Elephant Island Areas.   
 
Distribution Patterns (Figures 4.4A, 4.5A & B) 
 
Cluster analysis, performed on krill lengths in samples with >17 individuals, yielded three groups.  Although 
median and modal lengths were relatively large and similar to one another (42mm and 47mm, Cluster 1; both 
49mm, Cluster 2; both 52mm, Cluster 3) the clusters differed in overall length and maturity characteristics.  
Cluster 1 contained the broadest size range (18-56mm) and relatively large proportions of individuals 
<40mm.  Accordingly, the mixed maturity stage composition included 27% juvenile, 14% immature and 
59% mature stages.  This cluster was represented at 13 stations in Bransfield Strait and east of Elephant 
Island.  Cluster 2 lengths ranged from 23-58mm, with greatest representation by 45-55mm individuals.  
Juvenile and immature stages contributed 2% and 6%, respectively, and mature forms (predominantly males) 
92% of the total; 66% of the mature females were in advanced maturity stages.  This group was represented 
at 22 stations offshore of Cluster 1.  Cluster 3 included lengths of 26-61mm, but was predominantly 
composed of mature forms >50mm.  These krill were collected at 14 stations primarily north of Livingston 
and King George Islands.  Here 60% of females were gravid; these comprised 26% of total krill suggesting 
active spawning in this area.   
 
 
4.3.1.2 Salpa thompsoni: 
 
Salp Abundance (Table 4.1A; Figure 4.6A) 
  
Salps were collected at all 101 survey stations, with between 21 and 5,780 individuals per sample (8.4 to 
2,222 1,000m-3).  Overall mean, standard deviation and median abundance values of 506 1,000m-3 (+/- 441) 
and 383 1,000m-3 reflect uniformly high salp concentrations across the entire survey area.  Salps were least 
abundant in the South Area (281 1,000m-3 mean, 160 1,000m-3 median) and most abundant in the Elephant 
Island Area (599 1,000m-3 mean, 449 1,000m-3 median).  Salp abundance in the West Area was 
significantly lower than in the Elephant Island Area (ANOVA, P<0.05). 
 
Maturity Stages, Size and Age (Figures 4.7A, C & D)  
 
The aggregate (sexual) stage made up 97% and overwintering solitary stage 3% of total individuals 
collected.  Solitary stage salps were relatively most abundant in the West (4%) followed by Elephant Island 
(2.5%) and South (0.4%) Areas.  Over 75% of these solitaries were <20mm in length and therefore resulted 
from recent spawning by the aggregates.  Aggregate lengths ranged from 4-66mm, but individuals >54mm 
were scarce; the modal length was 28mm.  Given these length attributes and an estimated growth rate of 
0.44mm day-1 (Loeb et al., in press), seasonal aggregate chain production would have begun in mid-



September, become continuous by early October and peaked in late November.  Aggregate length-frequency 
distributions within the subareas differed somewhat.  Smallest salps were in the South Area where the 
median length was 15mm and 80% of individuals were <25mm in length.  Somewhat larger aggregates were 
in the Elephant Island Area where 50% were <25mm.  Largest aggregates were in the West Area where only 
35% were <25mm and the median length was 30mm.  Kolmogorov-Smirnov test comparisons of salp length 
distributions indicate that those of the South Area were significantly smaller than those in the West Area 
(Dmax=55.0, P<0.05). 
 
Cluster analysis of salp length composition at each station resulted in three groupings, which had 
overlapping size distributions, but distinctly different median and modal lengths.  These groupings showed 
no coherent or meaningful distribution pattern across the survey area and thus do not warrant further 
analysis. 
 
4.3.2.3 Zooplankton and Micronekton Assemblage: 
 
Overall Composition and Abundance (Tables 4.3 & 4.4A; Figures 4.8A & B, 4.9A & B)  
 
A total of 71 taxonomic categories (including copepod species) were identified in the 101 survey samples; on 
average 21 taxa were collected at each station.  Copepods and S. thompsoni were present in all samples.  
Copepods numerically dominated the catch (mean and median abundance 2,247 and 565 1,000m-3, 
respectively) and contributed 59% of total mean zooplankton abundance.  The copepod assemblage was 
dominated by three species:  Calanoides acutus, an "Oceanic" species, constituted 48%; Metridia gerlachei, 
a "Coastal" form associated with Gerlache Strait water influence, 33%; Calanus propinquus, another 
Oceanic form, contributed 6% of the total.  The Oceanic and Gerlache Strait sources of dominant species are 
seen in the overall copepod abundance pattern.  Second ranked salps constituted ca. 14% of the total.  
Although present in only 85% of samples, Thysanoessa macrura larvae ranked third in abundance and 
contributed 12% of the mean.  Other relatively abundant taxa included chaetognaths (4.6%), larval krill (4%) 
and postlarval T. macrura (2%).  Frequently collected but less abundant taxa included salp-associated 
amphipods Vibilia antarctica and Cyllopus lucasii (98% and 87% of samples, respectively) and postlarval 
krill. 
 
All krill larvae were calyptopis stages.  Calyptopis stage 2 (C2) was most abundant (66%) followed by C1 
(24%) and C3 (10%).  Total larval abundance and abundance of more advanced stages increased over the 
survey period.  Significantly higher concentrations (P<0.05) and greater proportions of C2 vs. C1 larvae 
occurred in the West vs. Elephant Island Area.  Krill larvae were most abundant offshore of the island shelf 
areas; they were absent in southern Bransfield Strait and an extensive region extending northward across the 
Elephant Island Area.  These larvae probably resulted from spawning activity 3-5 weeks earlier (i.e., early- 
to mid-December, 2000; Ross and Quetin, 1989) and are indicative of a normal spawning season.  Larval T. 
macrura also had significantly greater concentrations in the West vs. Elephant Island Area (P<0.05) while 
the postlarvae had greatest concentrations in the South Area (P<0.01 for both the West and Elephant Island 
Areas).  As during previous years larval and postlarval T. macrura had diametrically opposed distributions, 
with larvae largely concentrated offshore of the island shelves and postlarvae largely over the shelves and 
within Bransfield Strait. 
 
Distribution Patterns (Table 4.5A; Figure 4.10A) 
 
Cluster analysis, applied to the abundance [Log (N+1)] of 26 taxonomic categories, present in >20% of the 
samples, was used to identify three groups.  Although these taxa were common to all three clusters, they 
demonstrated different absolute and relative abundance relationships across the survey area.  Cluster 3, 



present at 29 stations, had greatest overall zooplankton abundance.  Copepods (primarily Calanoides acutus, 
Metridia gerlachei and "other species"), larval T. macrura, chaetognaths and larval krill numerically 
dominated here (87% of total mean abundance).  Fifth-rank S. thompsoni contributed only 7% of total 
abundance.  Concentrations of C. acutus, chaetognaths, larval krill and Spongiobranchaea australis here 
were significantly larger than in Cluster 2 (ANOVA, P<0.05), while those of C. propinquus, "other 
copepods", larval T. macrura and Cyllopus lucasii were significantly larger than in Clusters 1 and 2 
(P<0.01).  This typically oceanic species assemblage occurred north of Livingston and King George Islands 
and in the west Elephant Island Area.  Total mean abundance of Cluster 1 was 39% that of Cluster 3.  Cluster 
1 was located at 24 stations most of which were within or adjacent to Bransfield Strait and represented a 
Coastal species assemblage.  Metridia gerlachei alone comprised 53% of total mean abundance and, along 
with S. thompsoni and postlarval T. macrura, accounted for 75%.  Concentrations of M. gerlachei, T. 
macrura, Euphausia frigida and Diphyes antarctica here were significantly greater than in Clusters 2 and 3 
(P<0.05).  Cluster 2 was characterized by lowest total zooplankton abundance and dominance by S. 
thompsoni.  Although their concentrations were similar in the three clusters, salps contributed 48% of total 
mean zooplankton abundance here due to relatively low numbers of other taxa.  This cluster occurred at 48 
stations most of which were south of King George and in the south, east and northwest Elephant Island Area. 
 
Diel Abundance Differences 
 
Various species had diel abundance differences due to vertical migrations into the upper 175m at night.  
Significantly greater night vs. day abundance occurred for S. thompsoni, E. frigida, ostracods (ANOVA, 
P<0.01) and the copepod Pleuromama robusta (P<0.05).  Night abundance of M. gerlachei was significantly 
greater than during day (P<0.01) and twilight (P<0.05). 
 
4.3.2.4 Survey A, Between-Year Comparisons: 
 
Krill (Tables 4.6, 4.7A, 4.8A & 4.9A) 
 
Within the 1992-2001 AMLR data set, mean and median krill abundance values in the Elephant Island Area 
were intermediate to a high in 1996 (82 and 11 1,000m-3) and a low in 1999 (5.3 and 1.7 1,00m-3) and most 
similar to those of January 1992.  Since juveniles comprised ca. 10% of krill here, increased abundance 
relative to 1999 resulted in part from recruitment (i.e., the 1999/00 year class).  Moderate recruitment 
success of the 1999/00 year class was also supported by dense concentrations and large proportions of 
juveniles (63%) in the South Area (Table 4.2).  Relatively high krill carbon biomass values during January 
2001 were most similar to the mean in 1995 (242 1,000m-3) and median in 1996 (72 1,000m-3). 
 
During January 2001, 58% of mature females in the Elephant Island Area were in advanced reproductive 
stages; most of these were undergoing ovarian development (3c).  This value is intermediate to high in 1995, 
1996 and 1999 (93-98% advanced stages) and low in 1993 and 1998 (6-20%) suggesting that spawning in 
the Elephant Island Area may have been somewhat delayed in 2001.  Krill larvae were uniformly distributed 
across the west Elephant Island Area, as indicated by a relatively high median abundance value (9 1,000m-
3), but their concentrations were low relative to those in 1995 and 1999 (mean of 33 1,000m-3 vs. ca. 175 
1,000m-3).  When the entire survey area is considered, frequency of occurrence and mean abundance of krill 
larvae rivaled the high values of 1995 and 1999 (Table 4.9A). 
 
Salps (Tables 4.6 & 4.8A; Figure 4.11F) 
 



While mean salp abundance in the Elephant Island Area was modest relative to the highs of January 1993, 
1994 and 1998 (932-1,213 1,000m-3) the median value was second only to that during 1994 and reflected 
widespread distribution of large numbers of aggregates.  Extremely large concentrations like those of the 
1993 and 1998 salp years were not encountered.  Overall aggregate size distribution, with a continuous 
length range of 4-54mm, was compressed relative to most other years.  The length-frequency composition 
was most similar to those of January 1994 and 1998 (Dmax = 14.4 and 13.1, respectively) and reflects a 
relatively short but productive growing season.   
 
Zooplankton Assemblage (Tables 4.5A, 4.6, 4.9A, 4.10A & 4.11A) 
 
Noting the absence of 2000 data, mean copepod abundance in the Survey A area was the highest observed 
over the 1994-2001 period.  This resulted from large concentrations of C. acutus, M. gerlachei, C. 
propinquus and other copepod species offshore (Cluster 3) and of M. gerlachei inshore (Cluster 1).  As 
during all January surveys except 1994 and 1998, copepods numerically dominated the Elephant Island 
zooplankton assemblage.  Mean copepod abundance here was slightly greater than values observed in 
January 1995, 1996, 1997 and 1999, but the lower median value reflected a less uniform distribution in 2001.  
As during January 1997 and 1999 S. thompsoni ranked second in abundance, but salp contribution to the 
Elephant Island Area assemblage in 2001 was greater than in those years (29% total mean vs. 12-18%).  
Mean and median values of third ranked T. macrura larvae were comparable with the highs observed in 
January 1996.  Chaetognaths, postlarval T. macrura and krill larvae followed in mean abundance.  January 
2001 mean and median abundance values of chaetognaths were slightly lower than in 1995 and 1999 while 
those of T. macrura were exceeded by 1995-1998 values.  Although larval krill mean abundance was modest 
relative to values in 1995 and 1999, the median value was the highest so far recorded.  Abundance of only 
two species was significantly different from previous January-February surveys:  that of Cyllopus lucasii was 
the highest recorded while that of Vibilia antarctica was higher than in 1995, 1996, 1997 and 1999 
(ANOVA, P<0.01 in all cases).  The salp Ihlea racovitzai had the lowest frequency of occurrence and 
abundance since it was first noted in 1998. 
 
Overall taxonomic composition of the Elephant Island Area zooplankton assemblage in January 2001 was 
similar to that in 1997 and 1999 as indicated by PSI values of ca. 75.  It differed from that during salp 
dominated 1994 and 1998 (PSIs ca. 40) 
 
4.3.2 Survey D, 12 February-12 March 2001 
 
4.3.2.1 Krill: 
 
Krill Abundance (Table 4.1B, Figure 4.1B)   
 
Krill were present in 76 of 96 Survey D samples (79%).  They were comparatively rare in the South Area, 
where they occurred in only 5 of 10 samples and had respective mean and median abundance values of 3.3 
and 0.3 1,000m-3.  Median krill abundance was an order of magnitude larger and similar in the West and 
Elephant Island Areas (5.2 and 4.9 1,000m-3), respectively.  The largest catch (7,336 individuals, 2,817 
1,000m-3) occurred over the shelf break northwest of Elephant Island.  Other relatively large catches (275-
1,344 individuals, 118-431 1,000m-3) occurred over the shelf north of Livingston and King George Islands 
and primarily offshore of Elephant Island.  Predominantly small catches were made in Bransfield Strait.   
 
Length Composition (Figures 4.12A-D)   
 



Krill lengths ranged from 20 to 60mm.  The overall length distribution was polymodal with peaks around 26-
27mm, 32-35mm, 44-45mm and 47-50mm, however 80% of individuals were >40mm and 50% >46mm in 
length.  This polymodal size distribution also characterized krill collected within the Elephant Island Area; 
here krill <33mm (i.e., 1 year old) comprised 11% of the total.  Primarily larger krill occurred in the other 
areas.  In the West Area, 8% of individuals were <41mm and 50% were 49-59mm while in the South Area 
92% were 45-57mm in length.   
 
Maturity Stage Composition (Table 4.2B; Figures 4.13A-D) 
 
Overall maturity composition included predominantly mature (74%) followed by immature (14%) and 
juvenile (12%) stages.  This composition was also characteristic of the Elephant Island Area where juveniles 
contributed 13%, immature forms 15% and mature stages 72% of the catch.  Here females outnumbered 
males by 30%; 92% of the females were in advanced reproductive stages and spent individuals (3e) 
comprised 43% of the total.  Juveniles were minor constituents in the West (4%) and South (3%) Areas.  In 
the West Area, males outnumbered females by 50%.  Relatively large proportions of stage 3c-e females in 
the West Area suggests ongoing spawning activity there during mid-February. 
 
Distribution Patterns (Figures 4.4B, 4.14A & B) 
 
Cluster analysis of krill length-frequency distributions in 36 samples with >17 specimens yielded two 
groups.  Cluster 1 krill included various size modes (25-26mm, 32mm and 45mm) and had median and 
modal lengths of 45mm and 48mm, respectively.  Juveniles and immature stages each comprised 15% of the 
total.  Males and females were equally represented.  Relatively large proportions of spent (3e) females and 
immature males (2b-c) suggest that this was largely an aggregation of post-reproductive adults (3+) and 
younger year classes.  This cluster occurred at 17 stations over the South Shetland Island shelf and south of 
the frontal zone extending across the Elephant Island Area.  Cluster 2 included few krill <40mm, and only 
6% were <45mm; median and modal length was 50mm.  Juveniles were virtually absent and immature stages 
made up only 4%.  Males outnumbered females by 2.4:1 and reproductive males comprised 61% of the total.  
Most of the females were reproductively active (73% stage 3c-d) and 24% were spent.  This group was 
primarily represented in oceanic water offshore of the South Shetlands and northwest of Elephant Island. 
 
4.3.2.2 Salpa thompsoni: 
 
Salp Abundance (Table 4.1B; Figure 4.6B) 
 
Salps were present in all samples with numbers of 38-7,690 per tow (16-2,420 1,000m-3).  Overall mean and 
median concentrations were, respectively, 391 and 270 1,000m-3.  Greatest concentrations (>1,000m-3) were 
in the eastern half of the Elephant Island Area and south of King George Island.  Mean and median 
abundance values in the West Area (249 and 198 1,000m-3) were ca. 40% lower than in the other two areas.   
 
Maturity Stages, Size and Age (Figures 4.7B-D) 
 
Overall, aggregate forms made up 94% of individuals.  Solitary forms were relatively more abundant in the 
West (9%) vs. Elephant Island (6%) and South (3%) Areas.  Aggregate lengths ranged from 4 to 76mm, but 
95% were <40mm and median length was 30mm.  Median length was also 30mm in the West and Elephant 
Island Areas but 27mm in the South Area.  Based on a growth rate of 0.44mm day-1 these salps were budded 
ca. 2 months prior to sampling in those areas (i.e., mid- to late December).  Solitary lengths ranged from 4 to 
117mm.  Relatively small proportions of salps <20mm reflect negligible production over the past 5 weeks.  
Cluster analysis provided three groups with slightly different length-frequency distributions.  These were 



characterized by median lengths of 26, 30 and 34mm and relatively few individuals >40mm (2%, 3% and 
8%, respectively).  As with Survey A, these groups did not demonstrate any coherent or meaningful spatial 
distribution patterns. 
 
4.3.3.3 Zooplankton: 
 
Overall Composition and Abundance (Tables 4.3 & 4.4B; Figures 4.8C, D & 4.9C, D) 
 
The 96 Survey D samples contained 83 taxa, including nine copepod categories; the mean was 21 per 
sample.  Copepods were present in all but one sample and were again numerically dominant (mean and 
median abundance, respectively, 5,916 and 1,416 1,000m-3) and comprised >66% of total mean zooplankton 
abundance.  The abundance relations of dominant species were similar to Survey A:  C. acutus constituted 
>65% of mean copepod abundance, followed by M. gerlachei (25%), C. propinquus (4%) and unidentified 
copepodites (2%).  The Oceanic and Coastal sources of these species again are obvious in the distribution 
patterns.  
 
Larval stages of T. macrura and krill were second and third in mean abundance, and each contributed ca. 8% 
of the total.  Median abundance of T. macrura larvae was an order of magnitude larger than that of krill 
larvae (210 vs. 10 1,000m-3) resulting from a more uniform distribution.  Both had greatest abundance in 
offshore waters.  Most krill larvae were calyptopis stages.  Overall C1 were most abundant (57%) followed 
by C2 (30%) and C3 (11%).  This stage composition also characterized the West Area.  Within the Elephant 
Island Area C2 larvae were most abundant (36%), followed by C1 (33%), C3 (18%) and stage 1 Furcilia 
larvae (8%).  Small catches in the South Area were dominated by C3 larvae (67%).  Postlarval T. macrura 
ranked fourth in abundance and contributed 7% to the mean; it was most abundant within and adjacent to 
Bransfield Strait.  Salps were the most frequent taxon, present in all samples, but contributed slightly more 
than 4% of summed mean abundance (rank 5); median salp abundance (275 1,000m-3) was exceeded only by 
copepods (1,416 1,000m-3).  Salp-associates, V. antarctica and C. lucasii, were present in >97% of samples.   
 
Distribution Patterns (Table 4.5B; Figure 4.10B) 
 
Cluster analysis resulted in three zooplankton groups.  Cluster 3 was present at 27 offshore stations and had 
the largest summed mean abundance.  Concentrations of C. propinquus, C. acutus, R. gigas, copepodites and 
other copepods, chaetognaths, larval T. macrura, the pteropod Spongiobranchaea australis and amphipod 
Primno macropa were significantly greater (ANOVA, P<0.01) than in Clusters 1 and 2.  Cluster 3 
concentrations of S. thompsoni were significantly smaller than in Clusters 1 and 2 (P<0.05).  Total mean 
abundance of Cluster 1 was ca. 50% smaller than that of Oceanic Cluster 3.  This group was dominated by 
M. gerlachei and postlarval T. macrura, which, respectively, contributed 49% and 25% of mean abundance.  
Cluster 1 concentrations of M. gerlachei, Pareuchaeta antarctica and E. frigida were significantly larger 
than in Clusters 2 and 3 (P<0.01).  This Coastal species assemblage occurred at scattered locations across the 
survey area; it was spatially most cohesive north and northeast of Elephant Island.  Cluster 2 was 
characterized by low overall zooplankton abundance and numerical dominance by salps (36% of total mean 
abidance) and larval T. macrura (25%).  This sparse assemblage occurred at 42 stations generally over island 
shelf areas and in Bransfield Strait. 
 
Diel Abundance Differences 
 
Various species had diel abundance differences due to vertical migrations into the upper 175m at night.  
During February-March, significantly greater night vs. day abundance occurred for three copepod species, 
M. gerlachei, Pareuchaeta antarctica and Pleuromama robusta, and two euphausiids E. frigida and E. 



triacantha (P<0.01).  Both S. thompsoni and V. antarctica had significantly larger twilight vs. day and night 
abundance (P<0.01). 
 
4.3.2.4 Survey A and D 2001 Comparisons: 
 
Krill 
 
Krill demonstrated distributional and developmental changes as expected with the advancing season (Siegel, 
1987).  During Survey A, juvenile and immature stages were confined to Bransfield Strait while larger 
mature forms occupied shelf and offshore waters.  Differences in sex ratio and maturity stage composition 
suggested advanced seasonal spawning activity in the West relative to Elephant Island Area at that time.  
Increased patchiness during Survey D was associated with (a) northward movement of juveniles and 
immatures, (b) southward movement of spent females and regressing male maturity stages and (c) late-
season spawning activity offshore (Tables 4.2A & B; Figures 4.4A & B).  Noteworthy was the abundance of 
immature stages in the West and Elephant Island Areas during Survey D (Table 4.2), which indicated modest 
recruitment success of the 1998/99 year class.   
 
Salpa thompsoni 
 
Mean and median salp abundance in the Elephant Island and West Areas decreased by 60-70% between the 
two surveys (Tables 4.4A & B; Figures 4.6A & B).  In contrast, abundance in the South Area increased by 
ca. 50%.  These changes were primarily due to the aggregate stage (Figures 4.7A-D).  When January length-
frequency distributions were advanced to match modes in February-March distributions, the shifts reflected 
temporal separation of Survey A and D sampling in each area:  10mm over 18 days for the West Area; 
14mm over 31 days for the Elephant Island Area; and 18mm over 42 days for the South Area.  In all cases an 
estimated aggregate growth rate of ca. 0.44mm day-1 was supported.  Examination of the February-March 
length-frequency distributions revealed diminished numbers of aggregates >35mm in all three subareas.  
Abundance decreases in the West and Elephant Island Areas were largely due to this in conjunction with 
little new production; increased abundance in the South Area resulted from minor late-season chain 
production and a less dramatic loss of aggregates >35mm.  The solitary stage contributed 3% of total salps in 
Survey A and 6% in Survey D.  The increase was due to greater numbers of large individuals in the upper 
water column rather than small newly spawned overwintering individuals (Figure 4.7D).  The Salp:Krill 
carbon biomass value (Table 4.8) remained low and similar to that of January due to decreased production 
after mid-December plus loss of large aggregates from the upper water column. 
 
Zooplankton 
 
Between Surveys A and D mean and median zooplankton abundance increased, respectively, 43% and 50%, 
and taxonomic richness increased by ca. 8%.  Much of the abundance increase was due to copepods (C. 
acutus, M. gerlachei, C. propinquus and copepodites), T. macrura and krill larvae.  The significant total 
copepod abundance increase (ANOVA, P<0.01) was due to seasonal ontogenetic migration to surface layers 
by C. acutus and C. propinquus and population growth of M. gerlachei (Atkinson, 1991; Atkinson et al., 
1997; Huntley and Escritor, 1992; Ward et al., 1998).  A moderate PSI value (72) reflects seasonal changes 
in abundance relations of dominant taxa across the large survey area: increased proportions of C. acutus, 
larval krill and postlarval T. macrura; decreased proportions of M. gerlachei, other copepods, salps and 
larval T.  macrura.  The four times abundance increase of krill larvae was mainly due to increased numbers 
of stage C1 (57%) and C2 (30%); these most likely were spawned over the first three weeks of January (Ross 
and Quetin, 1989).  More developed stage C3 (11%) and F1 (2%) larvae resulted from mid- to late-
December spawning.  



 
Seasonal changes were more dramatic within the Elephant Island Area (PSI=57) due to large abundance 
increases of copepods (mainly C. acutus) and postlarval T. macrura (from rank 5 to 2 after total copepods) 
and decreases of other copepods and salps (from rank 2 to 4 after T. macrura larvae; Tables 4.3, 4.6 & 4.10).   
 
Both surveys were characterized by extremely complex distribution patterns of individual species and 
zooplankton clusters indicating a great deal of mesoscale patchiness.  Undoubtedly this complexity resulted 
from atmospheric and hydrographic conditions, including prevailing east winds and massive influx of 
icebergs from the Weddell Sea.  Without information on geostrophic flow it is impossible to assess the 
biological patterns with respect to hydrodynamics.  However, distribution differences of Oceanic and Coastal 
zooplankton assemblages between Surveys A and D (Figures 4.10A & B) suggest:  (a) strengthening of the 
semipermanent Oceanic eddy northwest of Elephant Island; (b) offshore displacement of Coastal and 
Oceanic zooplankton in West and South Areas; and (c) both northeastward and westward transport of 
Coastal zooplankton across the northern Elephant Island Area. 
 
4.3.2.5 Survey D Between-Year Comparisons: 
 
Krill (Tables 4.6, 4.7B, 4.8B & 4.9B) 
 
Krill abundance in the Elephant Island Area during February 2001 was high relative to other February-March 
surveys.  The mean value was third highest after 1998 and 1996 and the median (tied with those of 1997 and 
1998) followed the high observed in 1992.  In terms of carbon biomass, the mean also ranked third while the 
median was second to that of 1997.  Various factors can contribute to these results:  (a) seasonal migrations 
of spent, juvenile and immature individuals into the area; (b) substantial proportions of large adults, remnants 
of the successful 1995/96 year class; and (c) modest recruitment of the 1998/99 year class.   
 
Large proportions of advanced female maturity stages, particularly spent individuals (3e), along with 
substantial larval krill concentrations were also observed during February-March 1995 and 2000.  These 
result from seasonally normal (i.e., December-March) spawning activity.  This, in conjunction with presence 
of more developed larval stages (i.e., C3 and F1) and decreased salp abundance during mid-summer, bodes 
well for larval survival and 2000/01 year class success.  Noteworthy is the fact that this is the third year in a 
row (1999, 2000 and 2001) that conditions have been favorable for krill recruitment.   
 
Because of normal seasonal spawning activity and moderately high larval krill abundance monitored during 
the 1999 cruises "guarded optimism" was expressed for 1998/99 year class success.  However, juveniles 
were virtually non-existent in February-March 2000 survey samples and so this year class warranted a 0.0 R1 
recruitment index value.  The latter observation indicates the importance of the R2 recruitment index (Siegel 
et al., 1998, 1999) and highlights the fact that interannual variability in distribution of the various krill 
maturity stages can greatly bias recruitment assessments based on the large survey area as well as much more 
limited Elephant Island Area.  
 
Salps (Table 4.6; Figure 4.14) 
 
Salp mean, standard deviation and median abundance values in the Elephant Island Area during 2001 were 
quite similar to those in February-March 1994.  Additionally, marked seasonal decreases in salp abundance 
during 2001 and 1994 set these two years apart from the rest in the long term Elephant Island Area data set.  
Typically modest to substantial abundance increases here result from augmentation of aging populations by 
aggregate production over summer months.  The aggregate length-frequency distribution in February 2001 
most resembled that of 1998 (Dmax = 9.6); these both resulted from relatively late onset of spring production, 



which peaked in November and essentially ended in late December.  Diminished numbers of aggregates 
>35mm in length during 2001 was unique and suggested an extremely early seasonal migration out of the 
upper water column prior to production of overwintering solitary stages (Foxton, 1966; Casareto and 
Nemoto, 1986).  It is possible that such a migration could have been prompted by the large influx of melting 
icebergs during February.  The 1994 decrease, in contrast, appeared to be due to advection of salps out of the 
area.   
 
Noteworthy is that prolonged budding periods with pulses of late-season aggregate production (1996, 1997 
and 1999) preceded years with enhanced salp population size (Figure 4.14).  In contrast; curtailed budding 
periods (1994 and 1998) preceded years with diminished salp populations.  These observations support the 
idea that overwintering solitary seed population size is in part responsible for aggregate population growth 
the next spring and summer.  Assuming that these trends continue, greatly reduced salp populations can be 
expected during the 2002 field season. 
 
Zooplankton (Tables 4.6, 4.9B, 4.10B & 4.11B) 
 
Zooplankton abundance in the Survey D area during 2001 was second to that in 2000.  These periods, along 
with February-March 1994 and 1995, were characterized by relatively high copepod abundance.  Total 
copepod and chaetognath abundance this year were significantly smaller than in 2000 (ANOVA P<0.01).  
Within the Elephant Island Area, moderately high mean and median abundance values of larval krill and 
larval T. macrura were, respectively, most similar to those of 1999 and 1996.  Mean and median chaetognath 
abundance and median postlarval T. macrura abundance were also most similar to the 1996 values.  Overall 
zooplankton taxonomic composition was similar to that of February-March 1999 (PSI=85) and 1996 
(PSI=81) due to similar proportions of total copepods (62-65%).   
 
Copepods (Table 4.12) 
 
When put in a longer-term perspective, copepod species abundances in the Elephant Island Area during 
February-March 2000 and 2001 rank second and third behind the extremely high concentrations encountered 
during March 1981 (the krill "superswarm" year).  The 1981 copepod assemblage was strongly dominated by 
C. propinquus (Weddell-Scotia Confluence affiliate) and C. acutus (Antarctic Circumpolar Current and East 
Wind Drift affiliate) but also had large concentrations of M. gerlachei (Gerlache-Bransfield Strait affiliate).  
February 2000 and 2001 were also characterized by relatively large concentrations of these three species, 
suggesting enrichment from both offshore and coastal environments.  During all but the 1981 and February 
2001 surveys, M. gerlachei was the most abundant species due to the prevailing coastal influence in this 
area.  Maximum M. gerlachei abundance occurred in February 1989 when C. acutus and C. propinquus were 
relatively uncommon, suggesting primarily coastal enrichment at that time.  In contrast to 1981, which had 
an associated strong krill, recruitment index (0.76) the recruitment index from 1988/89 was quite low (0.06; 
Loeb et al., 1997). 
 
4.3.3 AMLR 2001 Cruise Summary 
 
(A) Mean and median krill abundance values in the Elephant Island Area were intermediate to high in 1996 
and low in 1999.  Increased abundance relative to 1999 results in part from recruitment of the 1998/99 and 
1999/00 year classes as indicated by modest proportions of juvenile and immature stages. 
 
(B) Large proportions of advanced female maturity stages, substantial larval krill concentrations and late 
larval stages during February-March reflected normal seasonal spawning in 2000/01.  This is the third year in 
a row that spawning conditions have been favorable for krill recruitment success.   
 



(C) Both large area surveys were characterized by wide spread distribution of abundant salps (Salpa 
thompsoni) but extremely large concentrations like those of the 1993 and 1998 salp years were not 
encountered.  Length-frequency distribution of the dominant aggregate stage indicated a curtailed production 
season.  A dramatic 60% abundance decrease between the two surveys was apparently due to loss of large 
aggregates from the upper water column.  This unique situation suggested early downward seasonal 
migration prior to production of overwintering solitary stages.  Such a migration could have been prompted 
by the large influx of Weddell Sea icebergs during February.   
 
(D) Within the 1993-2001 Elephant Island Area dataset, prolonged salp budding periods with pulses of late-
season aggregate production preceded years with enhanced salp population size while curtailed budding 
periods preceded years with diminished salp populations.  Assuming that these trends continue, reduced salp 
population size can be expected during the 2002 field season. 
 
(E) Favorable krill spawning conditions in conjunction with reduced salp abundance improve the prospects 
of larval production and survival.  Should winter sea ice development and spring bloom conditions also be 
favorable we may expect strong recruitment success of the 2000/01 year class. 
 
(F) Copepod abundance values in the Elephant Island Area were among the highest observed between 1981 
and 2001.  This included large concentrations of Calanoides acutus, Metridia gerlachei and Calanus 
propinquus and indicated enrichment in oceanic and coastal waters relative to other years. 
 
4.4 Disposition of Data and Samples:  All of the krill, salp, other zooplankton and fish data have been 
digitized and are available upon request from Valerie Loeb.  These data have been submitted to Roger 
Hewitt (Southwest Fisheries Science Center).  Alcohol preserved specimens were provided to SIO scientists 
Linda Holland (salps) and Erica Goetze (copepods).  Frozen myctophids were provided to Mike Goebel and 
Dan Costa (UCSC) for chemical analyses. 
 
4.5 Problems and Suggestions:  The 2001 AMLR field season was highly successful and enjoyable.  The 
addition this year of stations across western Bransfield Strait will enable us to link hydrographic processes in 
the west and north Antarctic Peninsula (i.e., the LTER and AMLR study areas).  It may be advantageous to 
add another line of stations, or amend coverage, in the Bransfield area east of this line to strengthen this 
analysis.  It was extremely helpful to have the expert assistance of CTD technicians at sea.  However, we are 
still handicapped by the lack of an experienced physical oceanographer who can provide real time 
information on water mass distribution and dynamics.  With regard to hydrodynamics, it would be extremely 
beneficial to have information collected with an acoustic Doppler current profiler!  This is especially true for 
examining transport of krill larvae in relation to recruitment success in the survey area and advection to 
South Georgia. 
 
The zooplankton van would benefit from modifications making it more comfortable and more easily 
maintained for use by both the krill and fish stock assessment surveys.  Improvements would include (a) 
replacing storage areas with microscope benches allowing assistants to be seated while performing sample 
analyses and (b) installation of stainless steel counters to allow efficient and effective cleaning. 
 
We were very pleased with the inclusion of a benthic bycatch survey during Leg III and hope that this 
becomes a regular part of the fish stock assessment work.  In addition to assessing the impact of trawling 
operations on the benthic environment, it provided a great deal of useful information on the structure and 
composition of habitats critical to fish.   
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